Introduction
Lung cancer, including both small-cell lung cancer and non-small-cell lung cancer (NSCLC), is the leading cause of death in patients with malignant tumors in the People's Republic of China, and .80% of lung cancer patients are diagnosed with NSCLC. 1, 2 Because patients with NSCLC do not have characteristic clinical symptoms in the early stage, they are generally diagnosed in a middle or late stage, with extremely low postoperative survival rate. 3 Therefore, it is of great significance to study the molecular mechanism of the genesis and progression of NSCLC in order to develop targeted drugs as well as prolong the postoperative survival period for NSCLC patients.
MicroRNAs are a type of single-strand noncoding RNA encoded by 20-25 nucleotides, which modulate cell proliferation, differentiation, apoptosis, metabolism, and invasion/migration by targeted regulation of gene expression at both transcription and translation levels. 4, 5 MicroRNAs not only serve as biomarkers for the diagnosis of many diseases but also play an important role in disease genesis and progression. 6 In recent years, a number of studies 7, 8 have shown that the occurrence and development of NSCLC are related to the abnormal expression of miRNAs. Previous studies 9 have verified that MiR-21-5p is abnormally expressed in NSCLC tissues; however, the effect of abnormal expression of MiR-21-5p on the progression of NSCLC has not been thoroughly explored. In this study, we detected the expression level of MiR-21-5p in the tumor tissues and the adjacent normal tissues of NSCLC patients by real-time quantitative PCR, and analyzed its relationship with clinical and pathological data of NSCLC patients to investigate the effect of its expression on the progression of NSCLC.
Materials and methods

General materials
In total, 118 pairs of tumor tissues and the adjacent normal tissues ($5 cm) of NSCLC patients who underwent surgery from January 2012 to June 2015 were collected. All of the 118 cases of NSCLC were confirmed by clinical pathology, and two pathologists independently conducted the histological review to identify the tumors and adjacent tissues. There were 72 male patients and 46 female patients, between 45 and 70 years of age. Other clinical data are shown in Table 1 . All the patients provided informed consent to donate their tissues in a prospective study before undergoing surgery. This research was approved by the ethics committee of Wuhan General Hospital Affiliated to the Chinese People's Liberation Army.
Real-time fluorescent quantitative PCR
Total tissue RNA was extracted by a total tissue RNA extraction kit (Beyotime Biotechnology, People's Republic of China) and reverse-transcribed into cDNA by All-in-One™ miRNA First-Strand cDNA Synthesis Kit (GeneCopoeia Inc., Germantown, MD, USA). The RNA was harvested from frozen specimens that were stored at −80°C following surgical resection. The expression level of MiR-21-5p (reverse primer: 5′-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGT TGAGGATTATGA-3′; forward primer: 5′-ACACTCCA GCTGGGTAGCTTATCAGACTGA-3′) and U6 (reverse primer: 5′-AACGCTTCACGAATTTGCGT-3′; forward primer: 5′-CTCGCTTCGGCAGCACA-3′) were detected by an miRNA-qPCR kit (GeneCopoeia Inc.) and real-time fluorescence quantitative PCR instrument (Agilent Technologies, Santa Clara, CA, USA). The results were presented as 2 −∆∆Ct (∆∆Ct=∆Ct tumor − ∆Ct adjacent ; ∆Ct=Ct MiR-21-5p −Ct U6 ). The unit of expression of MiR-21-5p in tumor tissues is given in fold change and is compared to adjacent normal tissues.
immunohistochemistry
The preserved paraffin sections were subjected to immunohistochemical analysis according to the manufacturer's instructions in the Dako LSAB2 universal immunohistochemical kit (Beijing Biolead Technology Development Co., Ltd., Beijing, People's Republic of China) with SMAD7 mouse monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) as the primary antibody (PBS was used as the negative control). The SMAD7 protein was expressed in the cytoplasm, and its positive expression by immunohistochemical staining was recognized as pale-brown granules or clusters in the cytoplasm. The immunohistochemical results were analyzed by HPIAS 2000 software, and the scoring criteria were shown in Table 2 . The score for the expression of SMAD in each specimen X=score of positive cell rate × score of absorbance, In addition, in order to determine whether smad7 was a target of MiR-21-5p, a putative single copy of miR-21-recognition element from the 3′-UTR of the smad7 gene was cloned downstream of the dual luciferase reporter gene of the GV306 plasmid vector (Genechem, Shanghai, People's Republic of China) to construct the reporter vector SMAD7-WT. In addition, a mutant construct -SMAD7-MUT -was created by converting the MiR-21-5p seed-region-binding site from 5′-TATTCGAT-3′ to 5′-CGTGAGCT-3′. SMAD7-WT or SMAD7-MUT was co-transfected with MiR-21-5p-inhibitor or miR-21 overexpression plasmid (MiR-21-5p-NC) into the cells using Lip2000, and a nontargeting negative control RNA was used as the control. At 24-48 hours post transfection, cells were lysed and assayed for luciferase activity with a dual luciferase reporter assay kit (Promega, Madison, WI, USA).
Western blotting assay
Total proteins were extracted with a total tissue protein extraction kit (Beyotime Biotechnology, Haimen, People's Republic of China) from tissue samples or with a total cell protein extraction kit (Beyotime Biotechnology, Haimen, People's Republic of China) from cells, and the protein concentrations were detected with a BCA kit (Beyotime Biotechnology). In total, 75 µg protein from each sample was subjected to SDS-PAGE, then blocked and stained with primary/secondary antibodies. ImageJ software was used to analyze the gray value of protein bands, and the relative expression of the target protein was characterized by the gray value of the target protein band/the gray value of the GAPDH protein band.
Cell colony formation assay A549 cells were plated into six-well plates at the concentration of 2×10 3 cells/mL, and the culture medium was replaced every 3 days. Culture was stopped and the medium was removed when the cell colonies were visible to the naked eye. Cells were rinsed twice with 1× PBS before fixed with 4% formaldehyde for 15 minutes. Then, 0.25% crystal violet was used to stain the cells for 25 minutes after removing the formaldehyde. Sterile water was used to rinse the cells gently before the cells were dried, photographed, and counted.
Cell scratch assay A549 cells were plated into six-well plates at a concentration of 2.5×10 5 cells/mL. After the cells reached confluence, a 10-µL white pipette tip was used to scratch the cells vertically to get a cell-free straight line. Then, 1× PBS was used to rinse off the castoff cells, and FBS-free culture medium was used to culture the cells for 24 hours before they were photographed.
Transwell assay
A549 cells were passaged in the ratio of 1:2 and, on the next day, FBS-free DMEM was used to culture the cells for another 24 hours. Cells were digested and resuspended in FBS-free DMEM at a concentration of 1×10 5 cells/mL. In total, 200 µL of the cell suspension was added into the pre-hydrated upper Transwell chamber (Chemi-Con, Costar, Cambridge, MA, USA), and 500 µL of the cell suspension and 55 µL FBS were added into the lower chamber. After 48 hours of regular culture, cells were fixed, stained, dried, and counted.
Statistical analysis SPSS 20. 0 software was used to analyze the data obtained in this study. A Student's t-test was used to compare the measurement data whereas the chi-squared test was used to compare the enumeration data between groups. P,0.05 was considered indicative of statistical significance.
Results
Clinical data of the 118 cases of nSCLC patients
There were 72 male and 46 female in the 118 cases of NSCLC patients, and the average age was 57.85 (SD ±7.38) years. Table 3 .
In addition, SMAD7 protein expression in the 118 cases of NSCLC tumor tissues was detected and scored by immunohistochemistry, and the results showed that there were 6 cases with negative expression, 20 cases with weakly positive expression, 45 cases with positive expression, and 47 cases of strongly positive expression of SMAD7 protein ( Figure 1A) . The results of Western blotting analysis showed increasing expression of SMAD7 protein among different groups ( Figure 1B ). SMAD7 expression was significantly correlated with the expression of MiR-21-5p (χ 2 =14.669, P=0.003). Pearson correlation analysis showed that MiR-21-5p expression was positively correlated with SMAD7 protein expression (r=0.669, P,0.05), as shown in Table 3 and Figure 2A and B.
Relationship between the expression of miR-21-5p and the prognosis of nSCLC patients All of the patients were followed up for 2 years after surgery, and the postoperative survival of these patients was recorded. The results showed that the 1-and 2-year survival rates of NSCLC patients with low expression of MiR-21-5p were 83.72% and 67.44%, respectively, whereas the 1-and 2-year survival rates of NSCLC patients with high expression of MiR-21-5p were 72.00% and 50.67%, respectively. Therefore, the survival rate of NSCLC patients with low expression of MiR-21-5p was better than that of the patients with high expression of MiR-21-5p, although no statistical difference was found (1-year survival rate, χ 2 =2.075, P=0.150; 2-year survival rate, χ 2 =3.134, P=0.077; Figure 3 ).
Targeted regulation of SMAD7 gene expression by miR-21-5p
The level of MiR-21-5p expression was significantly elevated after the cells were transfected with an miR-21 overexpression plasmid (MiR-21-5p-NC) and significantly decreased OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
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Li and Wu after the cells were transfected with an MiR-21-5p-inhibitor as compared with controls (P,0.001, P,0.05, respectively; Figure 4A ). The target genes of MiR-21-5p were predicted by bioinformatics methods, and the results showed that there was a complementary sequence with MiR-21-5p on the 3′-UTR end of SMAD7 mRNA, as shown in Figure 4B . The luciferase gene reporter system was used to validate the bioinformatics analysis: transfection of MiR-21-5p-inhibitor could significantly reduce the luciferase activity of wild-type (WT) SMAD7 mRNA 3′-UTR (P,0.05), whereas it did not significantly affect the mutant (MUT), as shown in Figure 4C .
In addition, transfection of the MiR-21-5p-inhibitor could significantly reduce the expression of SMAD7 protein in A549 cells (P,0.05), as shown in Figure 4D .
miR-21-5p promoted the proliferation of nSCLC cells
The effect of MiR-21-5p expression on the proliferation of A549 cells was detected by a cell-cloning experiment. The results indicated that a higher expression of MiR-21-5p was associated with a larger number of A549 cell clones formation -that is, a stronger proliferation ability of A549 ( Figure 5 ). Thus, MiR-21-5p promoted the invasion/migration of NSCLC cells. A cell scratch test was used to compare the effect of MiR-21-5p expression on the migration ability of A549 cells. The results showed that a higher expression of MiR-21-5p was associated with a larger number of migrated cells, suggesting a stronger migration ability of A549 cells ( Figure 6A ). Transwell assay was used to compare the effect of MiR-21-5p expression on the invasion of A549 cells. The results showed that a higher expression of MiR-21-5p was associated with the invasion of a larger number of A549 cells from the upper chamber into the lower chamber, suggesting a stronger invasion ability of A549 cells ( Figure 6B ). Epithelial-mesenchymal transition (EMT), which refers to the epithelial cells transforming through specific procedures into mesenchymal cell biological processes, is of pathological significance in carcinogenesis and metastasis in malignant tumors. The expressions of EMT-related proteins were detected by Western blotting in this study. The results suggested that, with the increased expression of MiR-21-5p, Survival time (month) Survival (%) 16 
24
Low MiR-21-5p
High MiR-21-5p expressions of matrix metalloproteinase-9 (MMP-9) and vimentin protein in A549 cells were upregulated, whereas that of E-cadherin was downregulated ( Figure 6C ).
Discussion
MiR-21-5p is located on the human chromosome 17q23.1, which is often abnormally expressed in patients with malignant tumors, such as gastric cancer, 10 rectal cancer, 11 and renal cell carcinoma. 12 It is not only a predictive marker for disease diagnosis and prognosis for patients with gastric cancer, 10 myasthenia gravis, 13 renal cell carcinoma, 12 and thymic epithelial tumor, 14 but also related to chemotherapy efficacy in patients with rectal cancer 11 as well as the renal survival rate of patients with nephropathy. 15 In this study, 
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Li and Wu we found that MiR-21-5p was highly expressed in NSCLC tumor tissues, which was consistent with the bioinformatics predictions. 9 Further analysis of the relationship between the expression of MiR-21-5p and the clinical data of NSCLC patients showed that the expression of MiR-21-5p in tumor tissues of NSCLC patients was significantly correlated with the clinical classification of NSCLC, tumor size, differentiation degree, lymph node metastasis, distant metastasis, and TNM staging (P,0.05), whereas it was positively correlated to the expression of SMAD7 protein (r=0.669, P,0.05). Meanwhile, the results of the luciferase gene reporter system confirmed that MiR-21-5p could target and promote the expression of the SMAD7 gene in NSCLC cells.
SMAD7, an inhibitory SMAD protein, is an important member of the SMAD protein family, which inhibits the activity of the TGF-β signaling pathway by binding to the TGF-β receptor in the cytoplasm. SMAD7 protein is highly expressed in a variety of malignant tumors, and the high expression of SMAD7 can cooperate with TGF-β1 and dendritic cells to promote the progression of liver metastasis of rectal cancer. 16 Moreover, it promotes the progression of endometrial cancer by inhibiting the TGF-β signaling pathway. 17 Therefore, SMAD7 is considered an oncogene. 18 In combination with the results in this study, we hypothesized that the high expression of MiR-21-5p in NSCLC may promote the progression of NSCLC by targeting the expression of SMAD7 protein. Cell colony formation assay confirmed that MiR-21-5p can promote the proliferation of NSCLC cells. The ability of cell proliferation is related to the cell cycle, and the regulation of the cell cycle is mainly achieved by the retention of the G1 phase. In the G1 phase, there is an important moment of cycle regulation -the restriction point (R point). After passage through the R point, cell growth and proliferation become completely autonomous, and is no longer regulated by external cytokines. Cyclin D1 is a protein that promotes cells to passage through the R point. Under normal physiological conditions, the cyclin D1 protein is commonly degraded when the cells enter the S phase; thus, it maintains a low or negative expression state in healthy cells. However, in cancer cells, cyclin D1 maintains a high expression level and promotes cancer cells to passage through the R point, thus accelerating the growth and proliferation of cancer cells. 19 Previous studies 20 indicated that SMAD7 can promote the expression of cyclin D1 protein as well as the proliferation of cancer cells by inhibiting the TGF-β signaling pathway and, finally, induce tumorigenicity.
Cell migration and Transwell experiments confirmed that MiR-21-5p can promote the invasion/migration ability of NSCLC cells, as well as the expression of MMP-9 and vimentin proteins while inhibiting the expression of the E-cadherin protein. MMP-9, vimentin, and E-cadherin are three genes that have been confirmed to play important roles in EMT, which confers the ability of metastasis and invasion on cells. For tumor cells, the promotion of tumor cell EMT can inhibit the expression of intercellular junction proteins, resulting in the decrease of the mutual binding force between cells, which is conducive to the invasion and migration of tumor cells into surrounding healthy tissues. 21 MMP-9 is an important enzyme in the matrix metalloproteinase (MMP) family. Studies have shown that MMPs are the most important proteolytic enzymes in the process of EMT, and upregulation of MMP-9 protein expression can enhance the invasion/migration ability of tumor cells. The vimentin protein is mainly expressed in mesenchymal cells, and its high expression is a critical marker for EMT, 22 which is also closely related to lymph node metastasis, clinical stage, and prognosis of lung cancer. 23 The function of the E-cadherin protein in the process of tumor cell EMT is opposite to that of MMPs and vimentin proteins. E-cadherin provides a mutual adsorption between cells as well as between cells and substances of the basement membrane. As an epithelial marker in the EMT process, E-cadherin can inhibit the migration of tumor cells. The migration and invasion abilities of tumor cells will be enhanced when the expression of the E-cadherin protein is decreased. 24 Furthermore, previous studies 18, 25 showed that SMAD7 promoted the invasion/migration ability of the tumor cells through EMT. In this study, MiR-21-5p promotes the expressions of MMP-9 and vimentin proteins as well as inhibits the expression of the E-cadherin protein, which is associated with an elevated SMAD7 protein expression, and enhances the invasion/migration ability of NSCLC cells.
In conclusion, MiR-21-5p is highly expressed in NSCLC tumor tissues, which may promote the progression of NSCLC by targeting and promoting the expression of SMAD7.
